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AB The present invention relates to methods for altering the structure of 

N-glycans in fungal cells and to fungal cells having an altered N-glycan 
structure. The fungi express one or more of the genes encoding 
oc-1, 2-mannosidase, 1, 3-1, 6-cc-manosidase (mannosidase II, E.C. 
3.2.1.114), a-1, 3-mannosylglycoprotein 2-p-N- 
acetylglucosaminyltransf erase (GnTl, E.C. 2. 4.1. 101), 
a-1, 6-mannosylglycoprotein 2-p-N- 

acetylglucosaminyltransf erase (GnTII, E.C. 2.4.1.143), and 
1, 4-galactosyltransf erase (GalT, E.C. 2.4.1.38). Transgenic fungi 
expressing one or more of these genes may be used in production of mammalian 
proteins, e.g., human monoclonal antibodies. Thus, Aspergillus 
oryzae expressing A. nidulans mannosidase IC gene produced heterologous 
protein with Man5GlcNAc2 N-glycan structure. 
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AB The invention provides a lower eukaryotic host cell producing 
human-like glycoproteins characterized as having a 
terminal p-galactose residue and essentially lacking fucose and 
sialic acid residues. The invention also provides methods and compns . , 
including genetic vectors, for catalyzing the transfer of a galactose 
residue from UDP-galactose onto an acceptor substrate in a recombinant 
lower eukaryotic host cell. In addition to a UDP-Gal : PGlcNAc 
P-l, 4-galactosyltransf erase, expression of UDP-galactose 
transporter ( s ) , a UDP-specific diphosphatase, and UDP-galactose-4- 
epimerase, galactokinase, or galactose-l-phosphate uridyltransf erase 
activities allow transfer of galactose residues onto preferred acceptor 
substrates for use as therapeutic glycoproteins. The invention 
claims polypeptide sequences for gene galE UDP-galactose C4 epimerase 
enzyme and conserved motifs. Methods of the invention can be applied to 
therapeutic glycoproteins such as erythropoietin, cytokines, 
blood coagulation factors, Igs, growth factors, or plasminogen. The 
examples provide maps of integrating plasmid vectors encoding 
human GalTI, S. pombe gene galE epimerase, and D. melanogaster 
gene UGT UDP-galactose transporter. The secreted kringle 3 (K3) domain of 
plasminogen was the reporter protein for glycosylation in transformed 
Pichia pastoris strains. N-linked glycans obtained from K3 were analyzed 
by MALDI-TOF mass spectrometry. A P. pastoris strain with ochl and alg3 
gene deletions, active fusion constructs of mouse mannosidase IB and 
human GnTI, the Kluyveromyces lactis UDP-GlcNAc transporter gene, 
and a human iSalTI gene leader fusion construct had approx. 
10-20% of GlcNAc2Man3GlcNAc2 N-glycans on K3 converted to 

GalGlcNAc2Man3GlcNAc2 and 1-2% to Gal2GlcNAc2Man3GlcNAc2 . When a strain 
with the same genotype was also transformed with the Saccharomyces 
cerevisiae epimerase gene GAL 10 under control of the PMAI promoter, about 
2/3 of the N-glycans released from K3 contained an addnl . hexose residue 
(HexGlcNAcMan5GlcNAc2) that could be removed by soluble p-l, 4- 
galactosidase . 

L5 ANSWER 6 OF 27 CAPLUS COPYRIGHT 2006 ACS on STN 
TI N-acetylglucosaminyltransferase III and other 

N-glycan-processing enzymes expressed in lower eukaryotes for the 

biosynthesis of human-like oligosaccharide structures in 

glycoproteins 
SO PCT Int. Appl., 193 pp. 

CODEN: PIXXD2 
ACCESSION NUMBER: 2004:720587 CAPLUS 

DOCUMENT NUMBER: 141:237748 

TITLE: N-acetylglucosaminyltransf erase III and 

other N-glycan-processing enzymes expressed in lower 
eukaryotes for the biosynthesis of human 
-like oligosaccharide structures in 
glycoproteins 

INVENTOR(S): Bobrowicz, Piotr; Hamilton, Stephen R. ; Gerngross, 

Tillman U. ; Wildt, Stefan; Choi, Byung-Kwon; Nett, 
Juergen Hermann; Davidson, Robert C. 

PATENT ASSIGNEE (S): USA 

SOURCE: PCT Int. Appl., 193 pp. 

CODEN: PIXXD2 
DOCUMENT TYPE: Patent 
LANGUAGE: English 



FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION: 



20 



PATENT NO. 




KIND 


DATE 


APPLICATION 'NO. 


DATE 


WU 


UU4 U / 4 4 jo 








20040902 


WO 2004-US5128 


20040220 


WO 


^UU4 U /44oo 




TV O 

Ai 




20041229 








TYT . TV C 7\ /-» 

W : AE , AG , 


AL, 


AM, 


AT, 


AU, AZ, 


BA, BB, BG, BR, BW, 


BY, BZ, CA, CH, 




CN, CO, 


CR, 


CU , 


CZ , 


DE, DK, 


DM, DZ, EC, EE, EG, 


ES, FI, GB, GD, 




GE, GH, 


GM, 


HR, 


HU, 


ID, IL, 


IN, IS, JP, KE, KG, 


KP, KR, KZ, LC, 




TV TO 

LK, LK, 


LS, 


LT, 


LU, 


LV, MA, 


MD, MG, MK, MN, MW, 


MX, MZ, NA, NI 




KW : dW , Cjn , 


GM, 


r\Hj, 


T O 

Lb , 


MW, MZ, 


SD, SL, SZ, TZ, UG, 


ZM, ZW, AT, BE, 






CY, 




DE, 


DK, EE, 


ES, FI, FR, GB, GR, 


HU, IE, IT, LU, 




iwrr* \t t 
MU, NL, 


PT, 


KU, 


bb, 


SI, SK, 


TR, BF, BJ, CF, CG, 


CI, CM, GA, GN, 




CjW, 


ML, 


MK, 


>T TP 

Nb, 


SN, TD, 


TG 




T T O 

Ub 


<£UU4UlooyU 




Al 




20040129 


US 2003-371877 


20030220 


TT C 

Ub 


^UUo^Uobl / 




A 1 

Al 




20050922 


US 2003-680963 


20031007 


ATT 
AU 


^UU4^1ooby 




A 1 

Al 




20040902 


AU 2004-213859 


20040220 


CA 






A A 

AA 




20040902 


CA 2004-2516520 


20040220 


EP 


1 c: o n c q c 

ioy yoyo 




A O 

A^ 




20051130 


EP 2004-713412 


20040220 




R: AT, BE, 


CH, 


DE, 


DK, 


ES, FR, 


GB, GR, IT, LI, LU, 


NL, SE, MC, PT, 




IE, SI, 


LT, 


LV, 


FI/ 


RO, MK, 


CY, AL, TR, BG, CZ, 


EE, HU, SK 


PRTORTTY 


' APPLN. INFO. 










US 2003-371877 


A 20030220 














US 2003-680963 


A 20031007 














US 2000-214358P 


P 20000628 














US 2000-215638P 


P 20000630 














US 2001-279997P 


P 20010330 














US 2001-892591 


A2 20010627 














US 2001-344169P 


P 20011227 














WO 2002-US41510 


A2 20021224 














WO 2004-US5128 


A 20040220 


AB The 


present invention relates to eukaryotic host cells 


having modified 



oligosaccharides which may be modified further by heterologous expression 

of a set of glycosyltransf erases , sugar transporters, and mannosidases to 

become host-strains for the production of mammalian, e.g., human 

therapeutic glycoproteins. The process provides an engineered 

host cell such as Pichia pastoris which can be used to express and target 

any desirable gene(s) involved in glycosylation . Host cells with modified 

lipid-linked oligosaccharides are created or selected. N-glycans made in 

the engineered host cells exhibit N-acetylglucosaminyltransf erase 

III (GnTIII) activity, which produce bisected N-glycan structures and may 

be modified further by heterologous expression of one or more enzymes, 

e.g., glycosyltransf erases, sugar transporters and mannosidases, to yield 

human-like glycoproteins. For the production of therapeutic 

proteins, this method may be adapted to engineer cell lines in which any 

desired glycosylation structure may be obtained. 
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A significant percentage of eukaryotic proteins contain post-translational 
modifications, including glycosylation, which are required for biol. 
function. However, the understanding of the structure-function 
relationships of N-glycans has lagged significantly due to the 
microheterogeneity of glycosylation in mammalian produced proteins. 
Recently we reported on the cellular engineering of yeast to 
replicate human N-glycosylation for the production of 
glycoproteins. Here we report the engineering of an artificial 
glycosylation pathway in Pichia pastoris blocked in dolichol 
oligosaccharide assembly. The PpALG3 gene encoding Dol-P-Man : -Man5GlcNAc2- 
PP-Dol mannosyltransf erase was deleted in a strain that was previously 
engineered to produce hybrid Gl cN AcMa n 5 G 1 cN Ac 2 human N-glycans. 
Employing this approach, combined with the use of combinatorial genetic 
libraries, we engineered P. pastoris strains that synthesize complex 
GlcNAc2Man3GlcNAc2 N-glycans with striking homogeneity. Furthermore, 
through expression of a Golgi-localized fusion protein comprising 
UDP-glucose 4-epimerase and p-1, 4-galactosyl transferase activities 
we demonstrate that this structure is a substrate for highly efficient in 
vivo galactose addition Taken together, these data demonstrate that the 
artificial in vivo glyco-engineering of yeast represents a major 
advance in the production of glycoproteins and will emerge as a 
practical tool to systematically elucidate the structure-function 
relationship of N-glycans. 
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AB The invention includes methods and compns . for remodeling a peptide mol., 
including the addition or deletion of one or more glycosyl groups to a 
peptide, and/or the addition of a modifying group to a peptide. Methods of 
modifying the structure and properties of erythropoietin by introduction 
of glycosidation are described. The method uses substitution variants of 
erythropoietin to introduce sites that can be glycosylated enzymically. 
The primary glycosylation may then be used to add further sugar residues. 
The glycosidation, which may include the introduction of N-acetylglucose, 
N-acetylgalactose, and sialic acid and mannosyl and fucosyl 
oligosaccharides. The carbohydrate moiety may in turn be modified by 
PEGylation. A biantennary glycosidated derivative of Epogen had 146% of the 
activity of the unmodified protein. The glycosylated proteins had longer 
serum half-lives than the unmodified protein and showed longer term 
effects on blood Hb levels. 
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The invention includes a multitude of methods of remodeling a peptide to 
have a specific glycan structure attached to the peptide. The methods 
comprise cell-free in vitro addition and/or deletion of sugars to or from a 
peptide mol . in such a manner as to provide a glycopeptide mol . having a 
specific customized or desired glycosylation pattern, wherein the 
glycopeptide is produced at an industrial scale and is suitable for 
therapeutic use in a mammal. The modified sugar that has been added to 
the peptide is generated via an enzymic reaction, because enzyme-based 
addition of conjugate mols. to peptides has the advantage of regioselectivity 
and stereoselectivity. Thus, a granulocyte colony stimulating factor 
(G-CSF) peptide that is expressed in a mammalian cell system is trimmed 
back using a sialidase. The residues thus exposed are modified by the 
addition of a sialic acid-poly (ethylene glycol) moiety, using an appropriate 
donor therefor and ST3Gall. Mammalian cell expressed G-CSF is contacted 
with a sialic acid donor that is modified with levulinic acid, adding a 
reactive ketone to the sialic acid donor. After addition to a glycosyl 
residue on the glycan on the peptide, the ketone is derivatized with a 
moiety such as hydrazine- or amino-PEG. Analogous schemes are provided 
for G-CSF expressed in an insect or bacterial cell. 
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AB The invention includes a multitude of methods of remodeling a peptide to 
have a specific glycan structure attached to the peptide. The methods 
comprise cell-free in vitro addition and/or deletion of sugars to or from a 
peptide mol. in such a manner as to provide a glycopeptide mol . having a 
specific customized or desired glycosylation pattern, wherein the 
glycopeptide is produced at an industrial scale. The modified sugar that 
has been added to the peptide is generated via an enzymic reaction, 
because enzyme-based addition of conjugate mols. to peptides has the 
advantage of regioselectivity and stereoselectivity. A key feature of the 
invention is to take a peptide produced by any cell type and generate a 
core glycan structure on the peptide, following which the glycan structure 
is then remodeled in vitro to generate a glycopeptide having a 
glycosylation pattern suitable for therapeutic use in a mammal. 
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AB The invention provides mucin-Ig fusion proteins (aGal fusion 

proteins) containing multiple aGal epitopes that are useful as an 

absorber for anti-aGal antibodies (i.e. for their removal from blood 

or plasma prior to a xenotransplantation.). Methods of producing the 

fusion proteins are also provided. The invention is based in part in the 

discovery that the carbohydrate epitope Galal,3Gal (aGal) can 

be specifically expressed at high d. and by different core saccharide 

chains on mucin-type protein backbones. More particularly, the invention 

is based upon the surprising discovery that expression of aGal 

epitopes of mucin-type protein backbones is dependent upon the cell line 

expressing the polypeptide. Moreover, the glycan repertoire of the mucin 

can be modified by co-expression of exogenous al,3 

galactosyltransf erase and a core 2 branching enzyme. This modification 
results in a higher d. of aGal epitopes and an increased binding or 
removal (i.e., absorption) of anti-aGal antibodies as compared to 
free saccharides, aGal determinants linked to solid phase, or cells 
transfected with al,3 galactosyltransf erase alone. Transient 
transfection of a PSGL-l/mIgG2b fusion protein and porcine 
al, 3galactosyltransf erase (al,3GalT) in COS cells results in a 
dimeric fusion protein heavily substituted with aGal epitopes. The 
fusion protein has approx. terminal aGal epitopes per dimer and a 
xenoreactive natural antibodies (XNAb) adsorption efficiency 20 times 
higher (on a carbohydrate molar basis) than pig thyroglobulin immobilized 
on agarose beads, and 5,000 and 30,000 times higher than 
Galal, 3Gal-conjugated agarose and macroporous glass beads, resp. To 
investigate the importance of the host cell for aGal epitope d. on, 
and anti-pig antibody adsorption efficacy of, PSGL-l/mIgG2b, the protein, 
together with the porcine al,3GalT, was stably expressed in CHO, COS 
and 293T cells. The level of aGal substitution on PSGL-l/mIgG2b and 
its anti-pig antibody adsorption capacity were dependent on the host cell. 
PSGL-l/mIgG2b made in COS cells exhibited a 5.3-fold increase in the 
relative O.D. (GSA-reactivity/anti-mouse IgG reactivity) compared to 
PSGL-l/mIgG2b made in COS without the al,3GalT. Similarly, 
PSGL-l/mIgG2b made in 293T cells exhibited a 3.1-fold increase in the 
relative O.D. In contrast, PSGL-l/mIgG2b made in CHO cells exhibited only 
a 1.8-fold increase. The anti-pig antibody adsorption efficacy of 
PSGL-l/mIgG2b made in different host cells correlated to its degree of 
aGal substitution. 
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AB The present invention relates to use of combinatorial DNA library of 
mammalian glycosylation enzyme genes for producing modified n-glycans 
lower eukaryotes. The invention provides nucleic acid mols . and 
combinatorial libraries which can be used to successfully target and 



express mammalian enzymic activities such as those involved in 
glycosylation to intracellular compartments in a eukaryotic host cell. 
Heterologous expression of a set of glycosyltransf erases , sugar 
transporters and mannosidases in eukaryotic host cells enables 
oligosaccharide modification and the development of host-strains for the 
production of mammalian glycoproteins. The process provides an 
engineered host cell which can be used to express and target any desirable 
gene(s) involved in glycosylation. Host cells with modified 
oligosaccharides are created or selected. N-glycans made in the 
engineered host cells have a Man 5 GlcNAc 2 core structure which may then 
be modified further by heterologous expression of one or more enzymes, 
e.g., glycosyltransf erases, sugar transporters and mannosidases, to yield 
human-like glycoproteins . With the primary goal of 
production of human therapeutic glycoproteins, this method 
may be adapted to engineer cell lines in which any desired glycosylation 
structure may be obtained. 
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AB The present invention provides genetically engineered strains of 

methylotrophic yeast including Pichia and especially Pichia pastoris 



capable of producing proteins with reduced or modified glycosylation. 
Methods of producing glycoproteins with reduced and/or modified 
glycosylation using such genetically engineered strains of Pichia are also 
provided. Vectors, which comprise coding sequences for 
ct-1, 2-mannosidase I, glucosidase II, GlcNAc-trans f erase I and 
mannosidase II or comprising 0CH1 disrupting sequence, for transforming 
methylotrophic yeasts are contemplated by the present invention. 
Kit for providing the contemplated vectors are also included in this 
invention. 
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AB The present invention relates to host cells having modified lipid-linked 
oligosaccharides which may be modified further by heterologous expression 
of a set of glycosyltransf erases , sugar transporters and mannosidases to 
become host-strains for the production of mammalian, e.g., human 
therapeutic glycoproteins. The process provides an engineered 
host cell which can be used to express and target any desirable gene(s) 
involved in glycosylation. Host cells with modified lipid-linked 
oligosaccharides are created or selected. N-glycans made in the 
engineered host cells have a GlcNAcMan3GlcNAc2 core structure which may 
then be modified further by heterologous expression of one or more 
enzymes, e.g., glycosyltransf erases , sugar transporters and mannosidases, 
to yield human-like glycoproteins. For the production of 

therapeutic proteins, this method may be adapted to engineer cell lines in 
which any desired glycosylation structure may be obtained. The invention 
specifically claims use of nucleic acid sequences for gene ALG3 from 
Pichia pastoris. The ALG3 gene encodes the enzyme which transfers a 
mannose residue to the Man5-GlcNac2-PP-Dol precursor. The invention also 
claims use of genetically engineered host cells for recombinant production 
Igs. In examples of the invention, a Pichia pastoris strain with 
deletions of genes alg3 and ochl was constructed. This strain was 
transformed with the Kringle 3 domain of human plasminogen as a 
glycosylation substrate. Mass spectrometric anal, of N-glycans isolated 
from the kringle 3 glycoproteins showed GlcNAcMan3GlcNAc2 and 
GlcNAcMan4GlcNAc2 structures which could be further modified in vitro. 
Addition of N-acetylglucosamine to GlcNAcMan3GlcNAc2 by N- 
acetylglucosaminyltransf erases II and III yields a "bisected" 
N-glycan, GlcNAc3Man3GlcNAc2, which has been implicated in greater 
antibody-dependent cellular cytotoxicity. Methods of the invention can be 
used to engineer a yeast strain capable of producing 
glycoproteins with bisected N-glycans and expressing Ig mols. with 
bisected N-glycans attached to asparagine residue 297 in the CH2 portion. 
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AB The secretory pathway of Pichia pastoris was genetically re-engineered to 
perform sequential glycosylation reactions that mimic early processing of 
N-glycans in humans and other higher mammals. After eliminating 
nonhuman glycosylation by deleting the initiating cc-1, 6- 

mannosyltransferase gene from P. pastoris, several combinatorial genetic 
libraries were constructed to localize active a-1, 2-mannosidase and 
human p-l,2-N- acetylglucosaminyltransf erase I 

(GnTI) in the secretory pathway. First, >32 N-terminal leader sequences 
of fungal type II membrane proteins were cloned to generate a leader 
library. Two addnl . libraries encoding catalytic domains of 
a-1, 2-mannosidases and GnTI from mammals, insects, amphibians, 
worms, and fungi were cloned to generate catalytic domain libraries. 
In-frame fusions of the resp. leader and catalytic domain libraries 
resulted in several hundred chimeric fusions of fungal targeting domains 
•and catalytic domains. Although the majority of strains transformed with 
the mannosidase/leader library displayed only modest in vivo [i.e., low 
levels of mannose (Man) 5- (GlcNAc) 2] activity, we were able to isolate 
several yeast strains that produce almost homogenous N-glycans 
of the (Man) 5- (GlcNAc) 2 type. Transformation of these strains with a 
UDP-GlcNAc transporter and screening of a GnTI leader fusion library 
allowed for the isolation of strains that produce GlcNAc- (Man) 5- (GlcNAc) 2 
in high yield. Recombinant expression of a human reporter 
protein in these engineered strains led to the formation of a 
glycoprotein with GlcNAc- (Man) 5- (GlcNAc) 2 as the primary N-glycan. 
Here we report a yeast able to synthesize hybrid glycans in high 
yield and open the door for engineering yeast to perform complex 
human-like glycosylation. 
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AB Lower eukaryotes only synthesize N-glycans of the high-mannose type, 
whereas human glycoproteins have a very divers, 

complex type of N-glycans. Redirection of the fungal pathway, even to a 
simple hybrid or complex mammalian type requires several genetic 



interventions such as gene knock-outs and heterologous expression of 
mammalian glycosyl transferases. Furthermore, addnl . in vitro enzymic 
manipulations may be required. In general, it seems that humanising 
N-glycans from filamentous fungi is an easier task than modifying 
yeast protein linked carbohydrates because the long alfa-l,6-arm 
apparently is absent. The problem is reduced to importing an efficient 
alf a-1, 2-mannosidase and addition of complex sugar glycosyl transferases, 
started a strategy to humanise the N-glycosylation pathway in the 
filamentous fungus Aspergillus niger NW195. In a first step a HDEL tagged 
a-1, 2-mannosidase from Trichoderma reesei was introduced. The over 
expression of this enzyme lead to the conversion of the majority of the 
N-glycans to Man5GlcNAc2 (ca. 80%). In a second step the over expression 
of human N&64979; acetylglucosaminyltransf erase I lead 
to the detection of GlcNAcMan5GlcNAc2 structures. The percentage 
conversion of Man5GlcNAc2 to GlcNAcMan5GlcNAc2 was inversely related to 
the amount of protein that was synthesized, ranging from ca. 40% to merely 
all. Yeasts, like S. cerevisiae and P. pastoris, have an extra, 
long alfa-l,6-arm that is mannose and P-mannose rich. Eliminating this 
structure causes, at least in S. cerevisiae, a weak growth and temperature 
sensitive phenotype. Different procedures have been followed to knock out 
the OCH1 gene. Expression of alf a-1, 2-mannosidase has also been obtained 
in combination with OCH1 knock out, resulting in very high yileds of 
Man5GlcNAc2 N-linked structures. Furthermore, phosphodiester linked 
mannoses are, in general, unwanted in mammalian therapeutic situations. 
Knock out of phosphomannosyltrans f erases is required to eliminate these 
structures from yeast and fungal protein linked sugars. Cloning 
of the P. pastoris homologues of S. cerevisiae MNN4 and MNN6 genes is not 
an easy task. Ultimately, the terminal sialic acid should be added using 
in vitro procedures. 
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AB Methods for manipulating carbohydrate processing pathways in cells of 
interest are provided. Methods are directed at manipulating multiple 
pathways involved with the sialylation reaction by using recombinant DNA 
technol. and substrate feeding approaches to enable the production of 
sialylated glycoproteins in cells of interest. These 
carbohydrate engineering efforts encompass the implementation of new 
carbohydrate bioassays, the examination of a selection of insect cell lines and 
the use of bioinf ormatics to identify gene sequences for critical processing 
enzymes. The compns . comprise cells of interest producing sialylated 
glycoproteins. The methods and compns. are useful for 
heterologous expression of glycoproteins. Thus, the cDNA for a 
human sialic acid 9-phosphate synthetase which produces 

phosphorylated KDN and Neu5Ac from ManNAc-6-P and Man-6-P was cloned and 
sequenced. Sf9 cells infected with a baculovirus encoding this enzymes 
produced enhanced levels of sialic acids when the culture medium was 
supplemented with ManNAc. 
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